This study describes 32 fungal endophytes isolated from different tissues of Brugmansia aurea Lagerh. Each fungal strain was authenticated based on internal transcribed spacer rDNA sequence. Phylogenetic analysis showed that these fungi are distributed in three classes, seven orders and 12 genera. The dichloromethane extracts of endophytic strains were screened for anticancer and antimicrobial activity. Anticancer activity of extracts against human cancer cell lines revealed that 50% strains are active with IC 50 < 10 μg/mL. While analysing antimicrobial potential against both Gram-positive and Gram-negative bacteria, 56.25% endophytic strains displayed activity at least against one of the tested human pathogenic bacteria with minimum inhibitory concentration of 12.5-100 μg/mL. In vitro antagonistic activity of endophytes was analysed against Sclerotinia sp., Aspergillus fumigatus, Fusarium solani, A. flavus and F. oxysporum pathogen. The broad-spectrum anti-phytopathogenic activity was shown by R2BA. The presence of ketoacyl synthase domain of polyketide synthase gene and high degree of bioactivity shown by endophytic fungi suggested that they have potential to produce therapeutic compounds and to serve as biocontrol agent.
INTRODUCTION
Endophytic fungi are most diverse group of microorganisms, occupying unique biological niche and capable of colonising inside healthy tissue of plant without causing any apparent symptom of disease (Botella and Diez 2011; Tian et al. 2015) . Because of extraordinary biodiversity and recent development in screening technologies, endophytic fungi are proved to be a promising source of novel bioactive compounds. They provide opportunity to discover bioactive metabolites with novel structure and functions (Wu et al. 2015) . Large number of natural secondary metabolites with anticancer, antibacterial, antifungal, immunosuppressive and anti-diabetic properties from endophytic fungi thus proving their worth in human health (Tan and Zou 2001; Collemare et al. 2008) and agricultural applications (Ji et al. 2009; Kusari and Spiteller 2012) . Fungal endophytes play a crucial role for plant fitness and protection from biotic and abiotic stresses (Johnson, Alex and Oelmüller 2014; Card et al. 2016) . Biotic stress includes plant pathogens, insects and nematodes whereas abiotic stress includes drought, salinity, nutrient limitation, extreme pH values and temperature. They produce diverse range of secondary metabolites that act as defensive weapons against insect herbivores, nematodes and fungal pathogens (Mejía et al. 2008) .
These secondary metabolites are synthesised by type-I polyketide synthases (PKS-I) and non-ribosomal peptide synthetases (NRPS). Fungal PKS are iterative type I PKS, and contain a β-ketoacyl synthase (KS), an acyltransferase and an acyl carrier protein domain (Amnuaykanjanasin et al. 2005) . Secondary metabolites such as antifungal agents (monocerin and griseofulvin), antibiotics (patulin and grahamimycin) and cholesterollowering agents (compactin and lovastatin) are synthesised by polyketide biosynthetic pathways (Amnuaykanjanasin et al. 2009 ) and are of high therapeutic value. Polyketides have been extremely concentrated upon over past decades to understand the biosynthetic pathway of these compounds and to modify genes responsible for their production and synthesise polyketides with novel structure.
Brugmansia aurea is a shrub and perennial member of family Solanaceae. It is commonly known as Angel's trumpets and native to tropical regions of South America, South-Eastern Brazil and the Andes from Venezuela to North Chile. It is widely cultivated worldwide and has acclimatised in isolated tropical areas including Asia, Africa, North America and Australia. Brugmansia aurea has traditionally been used in different medicinal preparations and mostly been used in external parts of poultice, tincture and ointment and transdermally to the skin. Traditionally it was also known to have many therapeutic values such as it is used to treat rheumatism and arthritis, sore throats, stomach pain caused by parasitic worms, cleanse infected pus of wounds and to soothe irritated bowels and reduce flatulence, etc. (Voogelbreinder 2009 ). According to modern medicine, alkaloids such as scopolamine, hyoscyamine and atropine found in B. aurea have proven medical value for their spasmolytic, anti-asthmatic, anticholinergic, narcotic and anesthetic properties (Ratsch 2005) .
The objective of this study was to isolate endophytic fungi present in different tissues of B. aurea plant and screen them for in vitro cytotoxic, antibacterial and anti-phytopathogenic activity. They were also evaluated for the presence of conserved KS domains of PKS genes.
MATERIALS AND METHODS

Collection of plant material
Brugmansia aurea plants were randomly selected from wild and sampled inside sterile polythene bags between August and September 2014 from Manali, Himachal Pradesh, India (32.2396 N, 77.1887 E, altitude 2050 . The identification of species was done on the basis of taxonomic characters and the specimen was deposited to Janaki Ammal Herbarium, IIIM, India with accession no 22128. Samples were stored at 4
• C till processed.
Isolation of endophytes
Endophytic fungi from B. aurea plant were isolated through method described by Strobel and Daisy (2003) with slight modification. Roots, leaves and stems of fresh plant were washed thoroughly in running tap water for 10 min and sterilised in series with 1.0% sodium hypochlorite for 1 min, 70% ethanol for 1 min and washed twice with sterile distilled water. Plant tissues were cut into small bits and plated on different growth media: potato dextrose agar (PDA), rose bengal agar, water agar, Czapek Dox media. The plates were incubated at 27
• C for 10-15 days until the mycelia growth was observed; mycelia from peripheral hyphal tips were subcultured to produce pure culture on PDA. All pure cultures were maintained in paraffin oil and stored at 4 • C.
Fungal identification
Morphological examination of isolates
All sporulating endophytic fungi were identified under light microscopy (Olympus, USA) on the basis of their critical morphological structures such as hyphal features, arrangement of spores and reproductive structures.
Molecular identification
Endophytes were also identified by molecular techniques based on the analysis of their internal transcribed spacer (ITS) regions of rDNA. Fungal mycelia grown in potato dextrose broth for 5 days were filtered through filter paper (Whatman no-3). The mycelium (500 mg) was then crushed in liquid nitrogen to make fine powder and genomic DNA was extracted as described by Raeder and Broda (1985) . The ITS regions of fungi were amplified with universal ITS1 and ITS4 primers using polymerase chain reaction (PCR). The PCR reaction mix (20 μL) contained 1 × PCR buffer containing 15 mM MgCl 2 , 200 mM of each dNTP, forward and reverse primer 10 pmol (Sigma, USA), 10 ng of DNA and 0.1U Taq DNA polymerase (Promega, USA). The PCR conditions consisted of initial denaturation at 95
• C for 5 min followed by 30 cycles of 94
• C for 30 s (denaturation), 55
• C for 1 min (annealing), 72
• C for 1 min (extension) and 72
• C for 10 min (final extension). The PCR products were resolved on 1% (w/v) agarose gel at 80 V followed by purification using gel extraction kit (Qiagen, USA). The purified product was sequenced using Big Dye Terminator sequencing kit (v. 3.1, Applied Biosystems). The obtained sequences were analysed by BLASTn tool of NCBI (www.ncbi. nlm.nih.gov/Blast.cgi) (Schäffer et al. 2001) . Relevant sequences were downloaded from the GenBank database and were analysed using online the MEGALIGN tool to construct a phylogenetic tree (Guindon and Gascuel 2003) .
Broth fermentation and extract preparation
Endophytic fungi were grown in 400 mL of PDB media in a 1-L Erlenmeyer flask at 27 ± 2 • C for 10 days at 150 rpm on an incubator shaker (New Brunswick, USA). Fermentation broth from each endophyte was blended thoroughly in 20% methanol. The homogenised fermented biomasses were extracted four times with equal volume of dichloromethane. Organic layer was dried under reduced pressure at 43-45
• C using rotavapor. The crude extract were dissolved with di-methylsulfoxide (DMSO) to prepare stock solution of 10 mg/mL and kept for anticancer and antimicrobial testing.
Detection of anticancer activity
The cytotoxic activity of the extracts was determined by MTT assay on four human cancer cell lines procured from NCCS, Pune, India. Included cell lines are A-549 (lung adenocarcinoma), MCF-7 (breast adenocarcinoma), MIA-Pa-Ca (pancreatic carcinoma) and PC-3 (prostate cancer) (Katoch et al. 2014) . All the cell lines were subcultured in RPMI-1640 medium supplemented with 10% FCS, 100 U per mL penicillin and 100 μg per mL streptomycin and maintained at 37 • C in CO 2 incubator (Thermo-con Electron Corporation, USA) in which 98% humidity and 5% CO 2 gas environment was maintained. 
Determination of antimicrobial potential
Antimicrobial activity was tested against Gram-positive and Gram-negative human pathogenic bacteria using the microdilution method (Rios, Recio and Villar 1988 (10 mg/mL) of extract and streptomycin used as positive control (1 mg/mL) were prepared. Different dilutions of organic extract ranging from 12.5-100 μg/mL were tested. The lowest concentration with no visible growth after 18-24 h was considered as minimum inhibitory concentration (MIC) (Mourey and Canillac (2002) . The lowest concentration of extract that did not contain any bacterial growth upon spotting 50 μl of mix on MHA plates after 24 h incubation at 37
• C was referred as the minimum bactericidal concentration (MBC). Assay was performed in triplicate.
In vitro antagonistic activity
Isolated cultures were screened for in vitro endophyte-pathogen interaction using the antagonism assay (Kusari et al. 2014) . Five phytopathogenic strains were selected for this assay and grown on PDA media: Sclerotinia sp. MTCC 7114, Aspergillus flavus MTCC 1783, Fusarium solani MTCC 350, A. fumigatus MTCC 343 and F. oxysporum NIAMCC-F-0811. Pathogenic fungi and each endophyte were placed at opposite ends of 90 mm sterile petri plates and incubated for 3-7 days at 27 ± 2 • C. The pathogenic fungi without endophyte were used as control. The diameter of pathogen's growth was measured from control as well as test plates, and percentage of antagonism was calculated using formula (Chamberlain and Crawford 1999) :
Pathogen growth in control plate − Pathogen growth in test plate X100 Pathogen growth in control plate
Diversity analysis
For diversity analysis, Menhinick's index (D mn ) representing species richness among the isolated endophytic fungi was calculated (Whittaker 1977) using
where n and N represent different species and total number of endophytic fungi in a sample, respectively. Camargo's index representing fungal dominance was calculated using (1/S), where S stands for species richness (Tian et al. 2015) . The Shannon-wiener diversity index (H') (Shannon and Weaver 1949) was calculated as
where ni is the relative abundance of a species and N is the total number of isolates obtained. The 0 value of H' means single species present, while higher value reveals high uncertainty in even distribution of species. The Simpson's diversity index (D) was calculated as (Simpson 1949) :
Pielou's evenness index
H' represents Shannon diversity and N is the total number of endophytic fungi present in a given sample (Pielou 1975) .
PCR amplification of biosynthetic Genes PKS I
The presence of genes involved in secondary metabolite production was screened in all the fungal isolates obtained. The degenerative primers LC1,(5 -AYCCIMGITTYTTYAAYATG-3 ), LC2C (5 -GTICCIGTICCRTGCATYTC-3 ) LC3 (5 -GCIGARCARATGGA-YCCICA-3 ) and LC5C (5 -GTIGAIGTICRTGIGCYTC-3 ) were used to amplify ketosynthase domain within type 1 PKS gene. For amplification of NRPS, primers RJ-016-R (5 -ARRTCNCCNGTYTTRTA-3 ) and RJ-016-F (5 -TAYGGNCCN ACNGA) were selected. KS/adenylation domains were amplified and sequenced as described above in molecular identification except that the annealing temperature used was 50
• C. All the amplified products were purified and sequenced as described before.
Statistical analysis
The statistical significance of the obtained results was analysed with GraphPad Prism software Version 5.0 (GraphPad Software, Inc., USA). One way analysis of variance (ANOVA) with Tukey's post hoc test and Student's t test was applied to reveal the significant differences among the analysed groups at P < 0.05.
RESULTS AND DISCUSSION
Identification and characterisation of the endophytic fungi
The associated endophytic fungal community of plants is diverse and plays a vital role in the fitness of host plant when growing in unique niches (Khan et al. 2017) . A number of bioprospecting strategies have been reported in order to isolate competent endophytes with desirable traits (Porras-Alfaro and Bayman 2011; Mousa and Raizada 2013; Chen et al. 2016) . A total of 32 endophytic fungi were isolated from different plant parts of B. aurea such as leaves, stem and root. The genetic relationship between isolated strains was analysed by phylogenetic analysis. The detailed description of fungal isolates, which includes respective code, identification, accession numbers and % similarity, is summarised in Table 1 . The endophytes with The phylogenetic analysis revealed diverse taxonomic affinities among the endophytes and their evolutionary history (Fig. 1) . Based on ITS sequences, endophytic fungi were grouped into four different clusters. Two clusters contained endophytes of classes Sordariomycetes and Eurotiomycetes, while third and fourth cluster Dothideomycetes. Seventy-one per cent of sequences from cluster I were related to Colletotrichum sp. (L12BA, S5BA, L4BA, L5BA, S6BA, S2BA, L7BA, L15BA, S4BA and L16). Other species included in this cluster were Glomerellales sp. (L6), F. nematophilum (R8BA), Acremonium sp. (L17BA) and Diaporthe longicolla (R1BA). Seventy-three per cent of sequences from cluster II were related to the Aspergillus sp. (L1BA, L14BA, L8BA, R2BA, L11BA, S3BA, L2BA and S1BA). Two other species included in this cluster were Talaromyces sp. (R10BA R9BA) and Penicillium oxalicum (L13BA). In cluster III, 50% of sequences were Neoscytalidium sp. (L9BA and L18BA) and others were Macrophomina spp. (R7BA and R5BA), while in cluster IV Periconia sp. (L10BA), Alternaria porri (L3BA) and Phoma gardenia (R3BA) were grouped together. Most of the endophytic isolates from B. aurea corresponds with endophytic fungi isolated from Solanaceae family plant Withania Somnifera Tenguria and Khan 2010) and Datura stramonium L. (Mahdi, Mohamed and Yagi 2014) .
Throughout the human age, natural products have garnered immense importance for human beings in the field of agriculture and therapeutic applications (Gouda et al. 2016) . Endophytic fungi are the chemical synthesisers residing inside plants (Malhadas et al. 2017) . The production of bioactive substances by endophytic fungi is associated to their independent evolution and incorporation of genetic information from higher host plants. Many of these endophytic fungi are capable of synthesising bioactive secondary metabolites that can be used as potential sources of pharmaceutical leads. Plants from Solanaceae family are well known for tropane alkaloid that has pharmaceutical applications and use in traditional medicine for narcotic, aphrodisiac, febrifuge, anthelmintic and to remove tumours (Sharma 2002) .
Anticancer activity of endophytes
The DCM extracts of 32 endophytes were subjected to screen for their cytotoxicity. Twenty-six (81.25%) endophytic extracts displayed strong cytotoxic activity (IC 50 < 50 μg/mL) against at Table 2 . Active extract percentage was 14% more in the current study in comparison to Rosa et al. (2010) . Twenty-five (78.12%) extracts were active against A549, 13 (40.62%) extracts were active against MCF-7, 5 (15.62%) extracts were active against PC-3 and 4 (1.25%) extracts were active against MIA-Pa-Ca cell line. Strobel and Daisy (2003) previously suggested that close endophytic host association and interaction results in production of pharmacologically active compounds. Among all the strains, S1BA (Aspergillus sp.), S2BA (Colletotrichum sp.), S5BA (Colletotrichum sp.), R1BA (Diaporthe sp.), R2BA (Aspergillus sp.), R5BA (Macrophomina sp.), R8BA (Fusarium sp.), L2BA (Aspergillus sp.), L7BA (Colletotrichum sp.), L8BA (Aspergillus sp.), L11BA (Aspergillus sp.) and L14BA (Aspergillus sp.) displayed strong cytotoxic activity against A549 cell line with IC 50 ≤ 10 μg/mL. Endophytic fungi Aspergillus sp. and Colletotrichum sp. have been reported as prolific producers of anticancer compounds (Gangadevi, Murugan and Muthumary 2008; Bladt et al. 2013; Chen et al. 2016) , which was in agreement with the study of Packiaraj et al. (2016) .
Antimicrobial activity of endophytic fungi
Fungal extracts were evaluated for antimicrobial potential against human pathogens. Results of antimicrobial studies indicated that 18 extracts (56.25%) inhibited growth of at least one of the tested bacterial strain (Table 3) . Eleven strains (34.37%) displayed antimicrobial activity against P. aeruginosa, 10 strains each (31.25%) against E. coli and B. subtilis, 9 strains (28.12%) against S. aureus, 5 strains (15.62%) against K. pneumoniae and 3 strains (9.37%) against Salmonella typhimurium (Table 3) . R2BA (A. aculeatus) exhibited activity against five human pathogenic strains (E. coli, B. subtilis, P. aeruginosa, S. aureus, K. pneumoniae) with MBC at 12.5 μg/mL, which was higher than 128 μg/mL (MIC) reported by Phongpaichit et al. (2006) against S. aureus. Similarly, MBC values shown by three strains L8BA, L11BA and L14BA (Aspergillus sp.) isolated from leaves were ranged between 12.5 and 50 μg/mL against three pathogenic strains (K. pneumoniae, S. aureus and P. aeruginosa). Endophytic Aspergillus sp. has been reported to synthesize antimicrobial compounds, which is in agreement with Xiao et al. (2014) and isolated antimicrobial metabolites with MIC ranging between 6.25 and 50 mM. In another study, Macrophomina sp., was reported as endophyte of Indian medicinal plant Ocimum sanctum Linn (Chowdhary and Kaushik 2015) , and in this study Macrophomina sp. is for the first time reported for its antimicrobial potential, which has not been explored earlier.
In vitro assay of endophytic fungi against phytopathogenes
The anti-phytopathogenic activity of endophytic fungi isolated from B. aurea is shown in Table 4 . Twenty-six endophytic isolates (81.25%) showed growth inhibition against pathogenic fungi. Endophytic fungi inhibits growth of pathogens by producing inhibitory secondary metabolites (antibiotics), by induction of plant defence, mycoparasitism, the induction of plant defence and/or the competition for infection sites and nutrients (Blumenstein et al. 2015) . In this experiment, the isolate L1BA (A. aculeatus) exhibited anti-phytopathogenic activity against five pathogenic fungi. This isolate strongly inhibited the growth of F. solani (66.6% inhibition) and A. fumigatus (60.5% inhibition). R9BA (Talaromyces sp.), L13BA (P. oxalicum) and R2BA (A. aculeatus) exhibited strong growth inhibition of 76.31%, 73.68% and 72.38% respectively against A. flavus. Similarly, strong growth inhibition of 76.60% was exhibited by R2BA (A. aculeatus) followed by L11BA (A. stellifer) (70.40%) against A. fumigates. Four isolates namely L7BA (Colletotrichum gloeosporioides), R7BA (Macrophomina phaseolina), R8BA (F. nematophilum) and S4BA (C. gloeosporioides) exhibited moderate activity with growth inhibition ranging between 11.72% and 63.15% against phytopathogens. Aspergillus aculeatus is well known for the production of widely used antifungal compounds aculeacins A-G (Mizuno et al. 1977; Petersen et al. 2014) . Further in earlier studies described the antiphytopathogenic potential of similar fungal endophytic strains including M. phaseolina (Yang et al. 2008; Chowdhary and Kaushik 2015) .
Diversity of endophytic fungi
To characterise the diversity associated with B. aurea, Camargo's index, Simpson's diversity index and Shannon diversity index were calculated. In our study, Shannon diversity was recorded highest in leaf (H' = 2.48) followed by root (H' = 2.08) and minimum in stem (H' = 0.87). Species richness calculated by Menhinick index (D mn ) revealed that leaf were richest in endophytic fungi (D mn = 3.06) as compared to root (D mn = 2.83) and stem (D mn = 1.22). Similarly, Kharwar et al. (2012) reported high species richness in leaf tissue of Cinnamomum camphora, while Table 3 . Antimicrobial activity of dichloromethane extract of endophytic fungi from B. aurea (MIC and MBC in μg/mL >100 100 >100 >100 >100 >100 R8BA >100 100 >100 >100 >100 >100 R10BA >100 >100 >100 >100 >100 >100 Same letters as superscript depicts significant difference at P < 0.05 between % antagonism against two phytopathogens. Kumar and Hyde (2004) reported highest Shannon diversity index for endophytic fungi in twig xylem followed by that of leaf of Tripterygium wilfordii. Camargo's richness was 0.33 for stem (highest) followed by root 0.125 and leaf 0.076 which was the lowest. Combined data of these mathematical tests indicated higher diversity of endophytic fungi in leaf tissue as compared to root and stem.
Ketosynthase domain of PKS gene
Fungal polyketide represents a very large and structurally very diverse class of secondary metabolites, exhibiting a wide array of bioactivities (Schümann and Hertweck 2006) . Fungal PKS belong to type I synthases and are classified into three subclasses: non-reduced (Collemare et al. 2008) , partially reduced and highly reduced PKS (Bingle, Simpson and Lazarus 1999; Nicholson et al. 2001; Ziemert et al. 2012) . Among 32 isolates, KS domain was detected in five isolates by LC1/LC5 primers. The KS-positive fungal strains belong to genus Aspergillus, Talaromyces and Macrophomina in order Eurotiales and Botryosphaeriales. The dendrogram indicated the relationship between bioactive taxa (Fig. 2) . The KS domains of endophytic fungi were grouped into two distinct clusters. In cluster I, non-reducing PKS of endophytes belonging to Eurotiomycetes class were grouped, while cluster II had endophytes belonging to Dothideomycetes class. Cluster I was further subdivided into two subclusters. The first subcluster included KS domain of R9BA (Talaromyces sp.) and R10BA (Talaromyces trachyspermus) and P. pinophilum. The second subcluster included L2BA (Aspergillus sp.) and S1BA (A. brasiliensis), and A. luchuensis with 99% bootstrap value. The cluster II includes R5BA (Macrophomina sp.), Cladosporium sp. and Phoma pinodella. All five fungal species with PKS gene displayed strong cytotoxic activity. Particularly, three strains have shown IC 50 < 10 μg/mL and two have shown IC 50 < 42 μg/mL concentration. In literature Lin et al. (2010) reported amplification of KS domain in endophytic fungi isolated from Annona squamosa plant. The combination of bioactivity and PKS gene detection results has proven that these strains are prolific producers of secondary metabolites (Rao et al. 2015) .
CONCLUSION
To our knowledge, this is the first report of endophytic fungal community associated with B. aurea. They are able to produce bioactive metabolites with anticancer and antimicrobial potential. These endophytes also have selective anti-phytopathogenic properties and could be used as biocontrol agents against the emerging plant phytopathogens. The PKS genes are common among few fungal species of B. aurea. The combination of both genetic and bioactivity based screening can lead to identification of endophytes capable of producing bioactive polyketides and peptides. Further research on PKS genes shall provide opportunity in drug development process.
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